
Nuclear PTEN levels and G2 progression in melanoma cells

Abraham I. Jacoba,b, Todd Romigha,b, Kristin A. Waitea,b,c, and Charis Enga,b,c,d,e
aGenomic Medicine Institute, Cleveland Clinic, Cleveland, OH
bLerner Research Institute, Cleveland Clinic, Cleveland, OH
cTaussig Cancer Institute, Cleveland Clinic, Cleveland, OH
dDepartment of Genetics, Case Western Reserve University School of Medicine, Cleveland, OH
eCASE Comprehensive Cancer Center, Case Western Reserve University School of Medicine,
Cleveland, OH

Abstract
The phosphatase and tensin homolog (PTEN) exerts its function, in part, by negatively regulating
the well-known phosphatidylinositol-3-kinase/AKT signaling pathway. Previous histological work
has suggested that alterations in the nuclear/cytoplasmic compartmentalization of PTEN may play a
role in the development and progression of melanoma. In this study, we examined the nuclear/
cytoplasmic compartmentalization of PTEN in melanoma cell lines and its correlation with the cell
cycle. Studies were performed in melanoma cells lines using classic cell biological techniques. In
contrast to breast cancer cell lines, we found that increased levels of nuclear PTEN levels correlate
with G2 rather than with G1 arrest. In WM164 and SKmel28 cells, overexpression of PTEN protein
did not significantly increase the number of cells in the G2 phase. Differential CDC2 phosphorylation
levels in cells that overexpressed PTEN compared with those where PTEN was downregulated
suggest some involvement of PTEN in G2 checkpoint regulation. The data suggest that although
nuclear PTEN levels correlate with the G2 phase, the role of PTEN in modulating G2/M arrest is not
limiting. Further, the specific cell cycle phase regulated by nuclear PTEN is cell-type dependent.
Taken together, our observations suggest that in melanoma, nuclear PTEN is involved in G2
progression possibly through the modulation of CDC2, opening up a new arena for investigation.
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Introduction
PTEN (phosphatase and tensin homolog deleted on chromosome 10), the tumor suppressor
gene located at 10q23.3, is known to participate in the pathogenesis of a wide variety of
hereditary cancer syndromes and sporadic malignancies [1]. Germline mutations in PTEN have
been described in hamartoma syndromes, including Cowden syndrome [2], Bannayan–Riley–
Ruvalcaba syndrome [3], Proteus syndrome [4], and a Proteus-like syndrome [5]. Somatic
mutations in PTEN, which result in loss-of-function, occur in multiple sporadic tumor types
[1,6–10]. In cutaneous melanoma, PTEN is the second most frequently altered tumor
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suppressor [1], whereas in cultured melanoma cell lines, the frequency of intragenic mutations
and homozygous deletions is 60% [11–14]. This may suggest that PTEN plays a role in
melanoma progression. Indeed, when analyzing PTEN protein’s subcellular localization, we
found that 30 of 30 metastatic melanomas had complete loss of nuclear PTEN protein
expression [15]. This indicates that nuclear expression of PTEN is critical for the regulation
of growth, an idea that has been supported in thyroid and breast carcinomas, pancreatic islet
cell tumors, and uveal melanoma [16–19].

The PTEN protein is a dual activity phosphatase which dephosphorylates both protein and lipid
substrates, particularly the second messenger phosphatidylinositol-(3,4,5)-triphosphate. As
such, this antagonizes the phosphatidylinositol-3-kinase/AKT signal transduction pathway
[20–23]. PTEN mediates G1 cell cycle arrest in breast cancer lines, induces apoptosis and
inhibits cell migration, spreading and focal adhesion formation [24,25]. In the breast cancer
cell line MCF-7, nuclear and cytoplasmic levels of PTEN fluctuate with the cell cycle and
nuclear PTEN levels peak at G0–G1 indicating a role for nuclear PTEN as a cell cycle modulator
[18,26,27]. Indeed, nuclear PTEN mediates growth suppression, independent of AKT
downregulation, and is essential for maintaining chromosomal integrity through physical
association with the kinetochore [28], whereas cytoplasmic PTEN mainly mediates apoptosis
[26,29] further emphasizing the role of proper cellular localization in the regulation of PTEN
function.

Although preliminary reports based on clinical correlative study suggest that the localization
of PTEN plays a role in melanoma progression [30], it is not clear what that role may be. Work
in breast cancer lines suggest that PTEN’s role may be in the regulation of the cell cycle.
Therefore, we examined the role of PTEN localization on cell cycle progression in cultured
melanoma cell lines.

Materials and methods
Cell lines, culture conditions, and reagents

SKMel28, A375S2, and C32TG (PTEN null) cutaneous melanoma lines were from American
Type Culture Collection (Manassas, Virginia, USA). The WM164 cutaneous melanoma cell
line was a generous gift from Dr Ernest T. Borden (Cleveland Clinic Taussig Cancer Institute,
Cleveland, OH, USA). PTEN-overexpressing WM164 cells (WM164OE), PTEN-
overexpressing SKmel28 (SKmel28OE), and PTEN-expressing C32TG cells (C32TGOE),
were generated as described below and were grown in the presence of tetracycline (Tet), unless
otherwise indicated. Cutaneous melanoma cell lines were cultured in high-glucose Dulbecco’s
modified Eagle’s medium (Sigma, St Louis, Missouri, USA) supplemented with 10% fetal
bovine serum and 100 units penicillin/streptomycin at 37°C with 5% CO2. Hydroxyurea (HU),
Tet, propidium iodide, protease and phosphatase inhibitors, Ponceau S, and α-tubulin antibody
were purchased from Sigma. The 5,6-dichlorobenzimidazole riboside (DRB) was purchased
from Calbiochem (San Diego, California, USA). The α-CDC2 tyrosine-15 phosphorylation,
α-CDC2 threonine-161 phosphorylation, α-CDC2, α-AKT, and α-phospho-AKT antibodies
were from Cell Signaling Company (Beverly, Massachusetts, USA). OligofectAMINE and
hygromycin were purchased from Invitrogen (Carlsbad, California, USA). Nuclear and
cytoplasmic extraction reagents and bicinchoninic acid protein assay kits were from Pierce
Biotechnology Inc. (Rockford, Illinois, USA). The α-PTEN antibody, clone 6H2.1, was from
Cascade Biosciences (Winchester, Massachusetts, USA) and α-poly (ADP-ribose)
polymerase-1 from Santa Cruz Antibodies (Santa Cruz, California, USA). ON-TARGETplus
SMARTpool L-003023-00-0050 Human PTEN small interfering RNA (siRNA) and
siCONTROL Nontargeting siRNA pool D-001206-13–20, was purchased from Dharmacon
(Lafayette, Colorado, USA).
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Generation of stable Tet-off cell lines
Stable cell lines expressing Tet-regulated PTEN were generated according to the
manufacturer’s protocol (Clontech Protocol No. PT3001-1). Briefly, the pTetOff vector
containing the tTA regulatory element was transfected into the parental line (WM164,
SKmel28, and C32TG) and placed under G418 selection. Resistant colonies were isolated and
expanded. Expanded clones were transiently transfected with pTRE2Hyg-luc in the presence
or absence of Tet and luciferase levels were measured after 48λh. Clones showing an induction
of luciferase activity in the absence of Tet were transfected with a select PTEN cDNA construct
cloned into the pTRE2Hyg vector. Cells were grown under hygromycin selection in the
presence of Tet and resistant colonies isolated and expanded. Tet-regulated PTEN expression
was confirmed by western analysis on total protein lysates collected from cells grown in the
presence or absence of Tet.

Cell cycle measurements
Cells were synchronized using HU as previously described [18]. Cells were seeded in 10λcm
dishes and allowed to adhere for 24λh. The medium was then augmented with 3λmmol/l HU
for 16–17λh, washed with phosphate buffer saline (PBS), and replenished with fresh media.
For Tet-regulated experiments, the following modifications were applied: SKmel28OE and
WM164OE cells were propagated in Tet-containing media. Before 24λh of HU augmentation,
cells were split and reseeded as above and grown in the presence or absence of Tet, as indicated.
For siRNA experiments, WM164, A375S2, and SKmel28 cells were grown and split 24λh
before siRNA transfection with OligofectAMINE according to manufacturers instructions.
Twenty hours later, HU was added; subsequent manipulation was identical to normal cells. At
harvest, all cells ranged from 70–90% confluent.

Cell cycle analysis
At the indicated times, cells were washed with PBS, harvested through trypsinization, and
pelleted by centrifugation. Cells were resuspended in 500λµl cold PBS and added drop wise
to 70% ice-cold ethanol. Samples were stored at −20°C until analysis. Washed cells were
stained in 0.1% Triton X-100 in PBS with 1λµg/ml propidium iodide. For the analysis of H3
phosphorylation, cells were treated with 1% Triton X-100 in PBS for 1λh and stained with
antiphospho-Ser10 H3 antibodies, conjugated to Alexa Fluor 488, as previously described
[31]. Flow cytometry was performed using a Beckman-Coulter elite flow cytometer using a
610 long pass filter for data collection. Data were filtered and cell phases were quantified using
the ModFit program (Verity Software, Bowdoin, Maine, USA) and with FlowJo (Tree Star,
Inc., Ashland, Oregon, USA) when gating for H3 signal.

Sodium dodecyl sulphate-polyacrylamide gel electrophoresis, immunoblotting, and
antibodies

At indicated time points, medium was removed and cells were washed twice with ice-cold
PBS. Cells were scraped into cold PBS and subjected to nuclear-cytosolic fractionation using
the nuclear and cytoplasmic extraction reagents kit with Sigma protease and phosphatase
inhibitors added to all buffers, both according to the manufacturers’ instructions. Protein
concentration was determined by the bicinchoninic acid method using bovine serum albumin
as a standard. Protein was fractionated on 10% sodium dodecyl sulphate-polyacrylamide gels,
transferred to nitrocellulose membranes (Whatmann, Dassel, Germany) and probed using the
relevant antibodies. Equal loading of lanes was evaluated by both Ponceau S treatment before
analysis and western analysis for either: α-tubulin (cytoplasmic marker), poly (ADP-ribose)
polymerase-1 (nuclear marker), or actin. Proteins were detected using either IRDye 680 goat-
α-rabbit IgG or IRDye 800CW goat-α-mouse secondary antibodies, where appropriate, and
using the Odyssey laser activated visualization system (LI-COR Biotechnology, Lincoln,
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Nebraska, Canada) according to manufacturer’s instructions. Simultaneous dual channel
detection of anti-mouse and anti-rabbit antibodies was digitally captured in color and
transformed into gray scale for each channel.

Results
Nuclear PTEN correlates with G2 but not G1 in melanoma cell lines

In breast cancer cell lines, nuclear PTEN protein levels correlate with G1 arrest [18], however,
little is known about the role of nuclear PTEN in melanoma. We used four different melanoma
cell lines. Three of the lines expressed PTEN at varying levels (SKML28, WM164, and
A375S2) and one line was PTEN-null (C32TG). When examining the levels of both nuclear
and cytosolic PTEN protein levels through western analysis, we found, as expected, that the
levels of PTEN protein in each fraction fluctuated after HU release and cell cycle (Fig. 1).
Although there was cell line variability, cell lines that expressed PTEN had maximal nuclear
PTEN levels 8–12λh post-HU release (Fig. 1), whereas the lowest level of nuclear PTEN
occurred 0–4λh post-HU release (Fig. 1). Concurrent with this analysis, we performed cell
cycle analysis. The C32TG PTEN-null line had a delayed entry into G2 after HU release when
compared with lines that express PTEN (Fig. 2), and by the time PTEN-expressing lines cycled
back into G1, the null line was peaking in G2. This suggests that because of the absence of
PTEN protein, C32TG cells do not progress to G2 as fast as cells with any PTEN protein, after
HU release. Interestingly, in breast cancer cells, G1 arrest was correlated with an increase in
PTEN, whereas here, in melanoma, we see decreased PTEN protein levels and apparent G2
delay. WM164 cells had the fastest entry into G2. Over 80% of WM164 cells were in G2 by
8λh. This correlated with the maximal nuclear PTEN protein levels. Approximately 60% of
SKmel28 cells were in G2 by 8λh, whereas A375S2 cells only had 40% of cells in G2 at 8λh.
It seems that WM164 cells, although having the fastest entry into G2, also have the lowest
amount of nuclear PTEN when compared with the other lines. Nonetheless, we think it
important to look at the individual pattern of expression of each cell line. Indeed, densitometric
analysis of the western blot data indicates that the maximal PTEN nuclear levels occurred just
before cells peaking in G2 (Fig. 3).

PTEN modulates CDC2 tyrosine-15 and threonine-161 phosphorylation
The results above led us to examine whether PTEN modulates the cellular regulators of the
G2/M transition. CDC2 is a cyclin-dependent kinase that binds to cyclin B, activating the G2/
M transition. CDC2-cyclin B binding and subsequent checkpoint activation is finely controlled
by both phosphorylation and dephosphorylation events. Phosphorylation of tyrosine-15 of
CDC2 inhibits cyclin B binding and subsequently diminishes entry into M phase [32].
Conversely, the phosphorylation of threonine-161 of CDC2 is required for progression into M
phase [33]. Thus, we examined both of these phosphorylation events in WM164 and SKmel28
cells capable of overexpressing PTEN in the absence of Tet (WM164OE and SKmel28OE,
respectively). Although there was not a statistically significant change in the cell cycle itself,
we did find that PTEN expression did modulate the phosphorylation of CDC2. CDC2
threonine-161 phosphorylation levels were unchanged in SKmel28OE, compared with cells
not overexpressing PTEN. WM164OE cells exhibited a slight decrease in CDC2 threonine-161
phosphorylation levels when PTEN expression increased. Overexpression of PTEN in the
WM164 and SKmel28 lines resulted in a further increase in the phosphorylation of CDC2
tyrosine-15 when compared with cells not overexpressing PTEN (Fig. 4).

Alterations in PTEN protein levels modulates CDC2 phosphorylation but not cell cycle
To further investigate the role in regulating G2, we downregulated PTEN protein levels through
siRNA transfection. The siRNA treatment decreased PTEN protein levels in both A375S2 and
SKmel28 cell lines when compared with control treated cells. However, despite multiple
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attempts, we were unable to decrease PTEN levels in WM164 cell lines (data not shown). The
siRNA-treated A375S2 and SKmel28 cells showed no significant changes in cell cycle when
compared with nontreated cells (data not shown). Despite this, we observed a decrease in CDC2
threonine-161 phosphorylation levels in both PTEN siRNA treated A375S2 and SKmel28 cells
when compared with control cells (Fig. 5 and Fig. S2 for PTEN band quantification).

To examine further how PTEN modulates G2 checkpoint proteins, we generated a PTEN-
expressing line using the native PTEN-null line, C32TG. When we expressed PTEN in C32TG
cells, we found that there was an additional increase in CDC2 tyrosine-15 phosphorylation
levels at 8 and 12λh, post-HU release, when compared with the control PTEN-null C32TG
cells (Fig. 6a and Fig. S3 for pY15 band quantification). Similar to the results we found in
A375S2 and SKmel28 cells, we did not see a significant change in CDC2 threonine-161
phosphorylation levels in the presence of PTEN expression. Inhibition of PTEN expression,
by DRB treatment, modulated CDC2 tyrosine-15 phosphorylation levels. When PTEN protein
levels in the C32TG PTEN-expressing cells was decreased by DRB, there was an increase in
CDC2 tyrosine-15 phosphorylation levels, as compared with C32TG PTEN-expressing cells,
in which the PTEN levels were not attenuated by DRB (Fig. 6b and Fig. S4 for pY15 band
quantification).

Discussion
Previous work has suggested that nuclear PTEN protein levels play an important role in the
progression of melanoma [30], yet, a specific function or role for nuclear PTEN in melanoma
has not been investigated. Based upon studies in breast cancer lines, one may suspect that
nuclear PTEN levels would be associated with G1 arrest. [18,26,27]. We show here, that
increasing nuclear PTEN levels in melanoma is associated with an increase in the number of
cells in G2. Our analysis suggests that nuclear PTEN regulates, but is not the limiting factor or
absolute requirement for, cell cycle progression in melanoma lines. In multiple melanoma cell
lines, we found that there is a lag between increasing nuclear PTEN and the resulting increase
in the G2 cell population, indicating a causal relationship between PTEN and G2/M. This may
suggest that increasing nuclear PTEN levels occurs in anticipation of G2 entrance.
Alternatively, PTEN may be involved in a negative feedback mechanism; however, this
remains to be determined.

In pancreatic cancer, an increase in the melanoma differentiation-associated gene product,
interleukin-24, induces an increase in PTEN expression and results in G2/M arrest [34],
providing further evidence of a link between overall PTEN protein levels and G2. It is
interesting to hypothesize, based upon our results, that in this system, increasing levels of
interleukin-24 induces PTEN protein levels ultimately resulting in an increase in nuclear PTEN
protein levels and that it is this fraction that influences G2/M arrest. This suggests that the
nuclear-PTEN/G2 association may not be melanoma-specific. Previous results in breast cancer
indicate that the role of nuclear PTEN in specific cancer types may be different. It might be
that it is the intracellular or microenvironmental milieu that is pertinent to melanoma and
perhaps pancreatic cancer.

In our hands, overexpression of PTEN did not dramatically affect cell cycle progression in
melanoma cell lines (data not shown). Nonetheless, we clearly see an association between
increased nuclear PTEN protein levels and G2/M. SKmel28 nuclear PTEN protein levels do
reach maximal levels after the peak of G2. Nevertheless, before maximal G2 content, there is
a 20% increase in nuclear PTEN protein levels suggesting that the increase in nuclear PTEN
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protein levels may be an important part of G2. These data indicate that PTEN is not the sole
regulator of G2/M progression nor is present in limiting quantities in melanoma. Although our
data suggest that endogenous levels of PTEN may be involved in these pathways, it also
suggests that solely increasing cellular PTEN levels will not alter the cell cycle in melanoma.

Little is known about the role PTEN may have on CDC2 phosphorylation. Indeed, this is the
first report linking PTEN function and CDC2 phosphorylation. Overexpression of PTEN does
seem to affect the level of phosphorylation on individual residues of CDC2. Although not
reaching significance, we found a clear and consistent trend that PTEN levels are inversely
related to the level of CDC2 threonine-161 phosphorylation. Our data do suggest that PTEN
modulates CDC2 tyrosine-15 phosphorylation levels. Interestingly, although PTEN seems to
modulate this phosphorylation event, it does not seem to have a significant effect on G2 arrest
in cells overexpressing PTEN. Whether this is because of insufficient crosstalk with other
PTEN-dependent and independent limiting factors remains to be determined. Nonetheless, the
data support the hypothesis that PTEN can modulate G2 progression in melanoma cells.
Undoubtedly, more remains to be done to investigate the modulation of CDC2 phosphorylation
events by PTEN. This should be an exciting area for future investigation. It is interesting to
postulate that PTEN-associated CDC2 threonine-161 phosphorylation might be a cellular
compensation mechanism, telling cells, in essence, to ‘keep to the program.’

On the basis of our results, one would expect that a decrease in PTEN protein levels would
result in altered cell-cycle kinetics, yet this was not seen. PTEN reduction in A375S2 and
SKmel28 cells resulted in no clear change in cell cycle kinetics. We were unable to decrease
PTEN protein levels in WM164 cells, despite multiple attempts. It may be of interest to note
that these cells have a rapid rate of division and low levels of AKT phosphorylation. Although
the low AKT phosphorylation levels indicate a high basal level of PTEN protein, the rapid
proliferation rate suggests that the phosphatidylinositol-3-kinase/AKT/PTEN pathway is not
the major pathway modulating cellular proliferation in this cell, as high levels of PTEN should
result in decreased proliferation [35–37]. Further, these observations likely indicate that there
are a multitude of variables influencing the final state of cell cycle kinetics. Nevertheless, our
data may suggest that even reduced amounts of PTEN are sufficient to drive the pathway.

On the basis of our results, we would expect to find a change in cell cycle in C32TG cells
(PTEN null) when PTEN is introduced into the cell line. However, C32TG cells expressing
PTEN did not exhibit the same cell cycle pattern as the PTEN-expressing WM164, SKmel28,
and A375S2 cell lines. We would hypothesize that, as discussed above, like WM164 lines,
alternative pathways for cellular proliferation are dominate in the C32TG cells. This may be
due to natural adaptation of the cell or, more likely, additional genetic mutations. Despite a
lack of significant cell cycle change in the presence of PTEN, we were, nonetheless, able to
show that PTEN did affect CDC2 phosphorylation levels. Because CDC2 has a relatively long
half-life [38] compared with PTEN’s shorter half-life [39,40], we were able to modulate PTEN
levels without significantly decreasing CDC2 protein. We found that decreased PTEN protein
levels in C32TG cells overexpressing PTEN correlated with a decrease in the levels of CDC2
tyrosine-15 phosphorylation. This provides further support that PTEN is able to modulate this
regulator of G2 phase.

It is not readily clear why nuclear PTEN regulates G1 arrest in breast cancer and yet is involved
in G2 in melanoma. It is well known that proteins are expressed differently in breast cancer
and melanoma. For example, Metastasis Associated 1 [41] and Dickkopf-1 [42], are expressed
in breast cancers yet absent in melanoma cells. Whether these two proteins play a role in PTEN-
mediated G1 arrest in breast cancer remains to be determined and is beyond the scope of this
paper. Kimura and co-workers [43] have reported that there is a decrease in PTEN expression
in endometrioid endometrial adenocarcinoma, which have high levels of estrogen and
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progesterone receptors. In addition, they have correlated PTEN expression with G1 cell cycle
regulators [43]. PTEN expression has also been shown to be reduced in hormone receptor-
positive carcinomas [44]. This may suggest that PTEN has a different mode of action in
hormone-responsive tissues and tumors. Although melanoma may express both progesterone
and estrogen receptors [45], there is currently little understanding of their functional
importance in melanoma. Our data here may suggest that these receptors function differently
in various tumor types, at least with respect to the role of PTEN. This sets the stage for an
interesting area of both research and therapeutics. Investigation into the differences in cell cycle
regulation between these two cell types should be enlightening and further our understanding
how cellular type and environment play a role in modulating PTEN-mediated events.
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Fig. 1.
Nuclear (Nuc) and cytoplasmic (Cyto) PTEN levels change with cell cycle progression.
Melanoma lines were grown to 60% confluence and synchronized with 3λmmol/l HU for 16–
18λh. Cells were harvested at the time of release and at the indicated times, after release of
HU. After subcellular fractionation, equal amounts of protein were separated on sodium
dodecyl sulphate-polyacrylamide gel electrophoresis, transferred to membranes, and
immunoblotted with specific anti-PTEN antibodies. Each blot is representative of five
individual experiments. HU, hydroxyurea; PARP, poly (ADP-ribose) polymerase; PTEN,
phosphatase and tensin homolog.
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Fig. 2.
HU synchronized melanoma cells differ in G2 entrance. Cells of each melanoma cell line were
grown to 60% confluence and treated with 3λmmol/l HU for 16–18λh. After HU release, cells
were collected and analyzed by flow cytometry. Panels show the percent mean and SEM of
cells in G1 (black bars, bottom), S (light gray bars), and G2 (dark gray bars, top) at each time
point, for at least five individual experiments. HU, hydroxyurea.
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Fig. 3.
Nuclear (Nuc) PTEN correlates with G2 population. After HU treatment and release, cells were
subjected to subcellular fractionation and submitted to western blot or flow cytometry and
quantitated. Shown are quantitated data from Figure 1, representing the nuclear fraction from
5–7 western blots, together with the cell cycle data from Figure 3, showing G1 and G2 from
5–7 experiments. For the western blots, time 0 was defined as control at 100%, and subsequent
time points were calculated as percent of controls. Bars represent SEM and time in hours after
HU release. HU, hydroxyurea.
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Fig. 4.
Overexpression of PTEN decreases CDC2 phosphorylation. Cells overexpressing PTEN were
grown to 60% confluence and synchronized with 3λmmol/l hydroxyurea for 16–18λh. After
release and at each time point, cells were harvested and equal amounts of protein were separated
by sodium dodecyl sulphate-polyacrylamide gel electrophoresis, transferred to membranes,
and immunoblotted with the indicated antibodies. The blots in the figure are representative of
five individual experiments. PTEN, phosphatase and tensin homolog; Tet, tetracycline;
Skmel28OE, PTEN-overexpressing SKmel28; WM164OE, PTEN-overexpressing WM164
cells.
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Fig. 5.
Downregulation of phosphatase and tensin homolog (PTEN) does not affect cell cycle. Cells
treated with small interfering RNA (siRNA) were treated grown to 60% confluence and
synchronized with 3λmmol/l hydroxyurea for 16–18λh. After release and at each time point,
cells were harvested and equal amounts of protein were separated by sodium dodecyl sulphate-
polyacrylamide gel electrophoresis, transferred to membranes, and immunoblotted with the
indicated antibodies. The blots in this figure are representative of five individual experiments.

Jacob et al. Page 14

Melanoma Res. Author manuscript; available in PMC 2010 August 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Jacob et al. Page 15

Melanoma Res. Author manuscript; available in PMC 2010 August 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 6.
PTEN overexpressing C32TG cells show increased CDC2 tyrosine-15 phosphorylation. (a)
C32TG cells overexpressing PTEN were grown to 60% confluence and synchronized with
3λmmol/l HU for 16–18λh. After release and at each time point, cells were harvested and equal
amounts of protein were separated by sodium dodecyl sulphate-polyacrylamide gel
electrophoresis, transferred to membranes, and immunoblotted with the indicated antibodies.
Figure is representative of five individual experiments. (b) Cells were treated as in (a) with the
following modification: starting 4λh after HU release, indicated cells (+) were treated with
DRB until cells were harvested. Arrows indicate changes in phosphorylation status due to DRB
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treatment. C32TGOE, PTEN-expressing C32TG cells; DRB, 5,6-dichlorobenzimidazole
riboside; HU, hydroxyurea; PTEN, phosphatase and tensin homolog; Tet, tetracycline.
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